INTRODUCTION
Hypogonadal (hpg) mice are characterized by a failure in the postnatal development of the gonads and this trait is inherited in an autosomal recessive manner (Cattanach, Iddon, Charlton, Chiappa & Fink, 1977) . There is strong evidence that this hypogonadism is caused by an isolated deficiency in hypothalamic luteinizing hormone releasing hormone (LH-RH). The hypothalamic content of LH-RH is exceedingly low or undetectable as estimated by radioimmunoassay (RIA) (Cattanach et al. 1977) , bioassay (A. Speight, H. M. Charlton & G. Fink, unpublished observations) and immunocytochemistry (Lyon, Cat¬ tanach & Charlton, 1981) . Electrical stimulation of the median eminence of hpg mice fails to release luteinizing hormone (LH) from the pituitary gland although this gland is capable of secreting LH in response to administered LH-RH (Iddon, Charlton & Fink, 1980) . The pituitary gland of hpg mice has a greatly reduced content of gonadotrophins secondary to the deficiency of LH-RH. By contrast the function of the other anterior pituitary hormones appears to be relatively normal (Cattanach et al. 1977) .
In this study the gonadotrophs of hpg mice were characterized by electron microscopy and immunocytochemistry for LH allied with RIA of gonadotrophins. The effects of LH¬ RH administration on gonadotrophs in hpg mice are reported by McDowell, Morris, Charlton & Fink (1982) .
Radioimmunoassay
Pituitary LH was measured according to the method of Niswender, Midgley, Monroe & Reichert (1968) using NIH-LH-S18 (NIAMDD, Maryland, U.S.A.) as standard. Folliclestimulating hormone (FSH) was measured using an NIAMDD rat FSH kit according to the method of Daane & Parlow (1971) using NIAMDD rat FSH-RP-1 as a standard. The details of these assays have been described by Chiappa & Fink (1977) . For each hormone, preliminary studies have shown parallelism between the inhibition of binding produced by several dilutions of the samples derived from mice and the appropriate standards (Cattanach et al. 1977) . The Baker & Gross, 1978 Correlation of LH immunocytochemical staining and ultrastructure The technique of serial thin/semi-thin sections enabled a direct comparison of immuno¬ cytochemical staining for LH and ultrastructure. The initial ultrastructural identification of normal mouse gonadotrophs was made according to the features described by Barnes (1962 Barnes ( , 1963 . Immunoreactivity for LH was found only in cells which had the typical ultrastructural appearance of gonadotrophs. Furthermore, all cells which had the ultrastructural features of gonadotrophs stained for LH. There was no evidence for a population of gonadotrophs which lacked LH (i.e. which contained FSH alone), though in some cases the intensity of immunocytochemical staining appeared low.
The criteria for the ultrastructural identification of gonadotrophs in normal and hpg mice were therefore based on the features of gonadotrophs immunoreactive for LH which concur with published descriptions of mouse gonadotrophs (Table 3) .
Ultrastructural features of gonadotrophs in normal and hpg mice In hpg gonadotrophs the rough endoplasmic reticulum was scanty and flattened whereas in normal mice it was abundant and often slightly dilated (PL 2). The Golgi apparatus oí hpg gonadotrophs was small with only a few flattened saccules in contrast to that of normal gonadotrophs in which it was prominent with multiple lamellae of dilated saccules. A quantitative comparison of gonadotrophs from hpg and normal mice is given in Table 2 . The mean profile area of hpg gonadotrophs sectioned through the nucleus was approxi¬ mately one-half of that of normal gonadotrophs. The majority of this difference was due to the lesser amount of cytoplasm oí hpg gonadotrophs compared with normal gonadotrophs. Hence the apparent nuclear : cytoplasmic ratio for hpg gonadotrophs was about double that for normal gonadotrophs. proportionally fewer large granules in the gonadotrophs of hpg compared with normal mice. When allowance is made for the greater number of granules in normal gonadotrophs (Text- fig. \b ) by plotting the total number of granules in each size category, this difference is emphasized.
DISCUSSION
There is now strong evidence that the basic defect in the mutant hpg mouse is an isolated deficiency of hypothalamic LH-RH and that the paucity of pituitary gonadotrophins and the underdevelopment of the gonads and accessory sexual tissues are secondary to the deficiency of LH-RH. Therefore this mutant is an excellent model for the investigation of the dependency of pituitary gonadotrophs on LH-RH secretion by the hypothalamus.
The cellular origin of LH and FSH has been debated for many years. Most published reports of LH and FSH immunocytochemistry on serially sectioned gonadotrophs in other species conclude either that all gonadotrophs contain both LH and FSH (rat: Herbert, 1975; Tougard, Picart & Tixier-Vidal, 1980) or that the majority but not all gonadotrophs contain both hormones (rat: Moriarty, 1976 ; pig: Dacheux, 1979) . Barnes (1962 Barnes ( , 1963 defined two ultrastructural classes of gonadotrophs which were suggested to contain LH and FSH alone, although no direct evidence for this was presented.
In this study strong and specific immunocytochemical staining was achieved with anti-rat LHß antiserum even in the pituitary glands oí hpg mice, which have a very low content of LH. In order to obtain good ultrastructural preservation, the tissue had been fixed with glutaraldehyde, formaldehyde and osmium and this probably destroyed the antigenicity of FSH (Dacheux, 1978) . In neither normal nor hpg mice did the comparison of LH immunoreactivity with ultrastructure using serial thin/semi-thin sections reveal evidence for a population of gonadotrophs lacking LH. The general ultrastructural features of mouse gonadotrophs proposed by Barnes (1963) were therefore confirmed but the division into LH and FSH gonadotrophs was not. Immunoreactivity for LH was not observed in corticotroph-like cells as described in the rat by Moriarty & Garner (1977) and Tougard et al. (1980) . Mouse corticotrophs do not therefore appear to contain an antigen which binds to anti-rat LHß. In terms of gonadotroph development, the hpg pituitary gland might be considered to be immature. Moriarty & Garner (1977) suggested that adrenocorticotrophic hormone and the gonadotrophins might share a common cellular origin in developmental terms. There is no evidence to support this proposal from these studies on the hpg mouse.
Assuming that LH-RH is lacking in the fetal hpg mouse, as it is in the adult, the very existence of differentiated gonadotrophs in hpg mice is a significant result because the dependency of gonadotrophs on LH-RH for differentiation is a disputed point. Gross & Baker (1979) have proposed that differentiation of gonadotrophs in the fetal mouse pituitary gland is secondary to secretion to LH-RH by the hypothalamus, based on observations of the timing of appearance of immunoreactive LH-RH in the hypothalamus relative to LH and FSH in the pituitary gland. However, Watanabe & Daikoku (1976) concluded from studies using in-vitro organ culture of fetal pituitary glands that differentiation of the pituitary cell types was independent of the hypothalamus. The presence of differentiated gonadotrophs in the hpg pituitary gland is support for the hypothesis that gonadotroph differentiation is independent of LH-RH.
The mechanisms which regulate cell number in the anterior pituitary gland have not been extensively investigated and are poorly understood (Pawlikowski & Stepien, 1979) . Studies with the hpg mouse may provide information on the role of LH-RH in the regulation of gonadotroph cell number. The concentration of gonadotrophs in the cephalo-median zone of the mouse pituitary gland, as described by Baker & Gross (1978) , was confirmed in this study for both normal and hpg mice. To allow for this non-uniform distribution, cell number was compared in sections taken from the same region of the gland. (Palade, 1975 
